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ABSTRACT
A BRAIN-BASED PEDAGOGY
TO IMPROVE STUDENT ACHIEVEMENT OF
MIDDLE SCHOOL AGED CHILDREN

. By
Marci Lynn Stadiem
July 2003

This project examined the role of a brain-based pedagogy to improve student
achievement in middle school students. The review of current research found that
orchestrated immersion, relaxed alertness and active processing were integral for an
effective brain-based pedagogy that increased student achievement. Included is a
curriculum that focused on a brain-based pedagogy. Written for teachers of middle
school students. Lessons included support a brain-based pedagogy, were age appropriate,
and encouraged teachers to use a curriculum based on a brain-based pedagogy that
increased student achievement.
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CHAPTER ONE
BACKGROUND OF THE PROJECT
Introduction
"The school as a fortress of learning needs to be challenged and
conceptualized more as a resource-rich learning center that supplements
life-long learning" (Lackney, J, 1998, p.2).
President Bush signed into law the Elementary and Secondary Education Act, also
known as the No Child Left Behind Act of200I (Washington State Office of
Superintendent of Public Instruction, 2002). The No Child Left Behind Act (2003) stated
that it was developed around four basic education reform principles: stronger
accountability for results, increased flexibility and local control, expanded options for
parents, and an emphasis on teaching methods that have been proven to work.
Additionally, schools and districts that have not made adequate yearly progress (AYP)
for two consecutive years were identified for Title I school improvement (Education
Funding Research Council, 2002). This means schools and districts that have not been
successful in getting enough of their students to meet or exceed that state's prescribed
AYP criteria are put on a plan of improvement (OSPI, 2002). Cascade Middle School in
the Highline School District #40 I in Seattle, Washington has met the guidelines to be
identified as a Title I school and has not met the goals of the No Child Left Behind Act
(NCLB, 2003). The overall percent of students meeting standards on the Washington
Assessment of Student Learning in 4 subjects were 13. 5%, in 3 subjects 11.1 %, in 2
subjects 30.1 % and in O subjects 28.1 % (OSPI, 2002).
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The Academic Achievement and Accountability Commission (A+ Commission)
established an improvement program for Cascade Middle School using the 2001 W ASL
results as a baseline (Education Funding Research Council, 2002). Cascade Middle
School must have a 25% reduction in the percentage of students not meeting the WASL
standard by 2004 (OSPI, 2002).
To help meet the goals of student achievement, the Highline School District was
awarded a five-year grant to reach the goals set by the A+ Commission (Lowery, 1998).
This grant was from the National Science Foundation (NSF) and will be in its fifth and
final year. The grant was based on a multi-sensory laboratory-oriented science
curriculum; otherwise known as Brain-Based Learning (Lowery, 1998).
Slavkin (2002) reported the world has learned more about the brain in the past 10
to 15 years than in the rest of recorded history. Brandt (1997) affirmed teachers have
always been brain researchers; teachers have always known how long a lesson should be
to hold student interest, that boys have more trouble reading and writing than do girls,
and young children pick up foreign language more easily than adults can. Sylwester
(1994) recognized our children learned as a result of the input, which their brains
received from their senses.
The information on brain-based learning was leading to revolutionary changes in
how we process information to learn anything much better, faster and more easily
(Dryden, 2001). Guild (1997) discussed the teacher who acknowledged and actively
responded to these truths facilitated learning success for more learners.
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In addition, Spears & Wilson (2002) affirmed brain-based education demonstrated that
accommodating students' learning strengths, individual intelligences and attending to
ways the brain absorbed and processed information resulted in more effective learning.
What they learned was a reflection of the frequency, intensity, and duration with which
their brains received specific input (Doman, 1986).
Nunley (2001) articulated for brain-based learning to have occurred, there were
three instructional techniques that must be present. Seith (2000) reported the three
instructional techniques were; orchestrated immersion, relaxed alertness and active
processing. Chipongian (2002) noted teachers needed to adjust their learning styles to
encompass a brain-based pedagogy. The new curriculums do not speed up the student's
development or move down advanced concepts; rather, their intent was to make what the
student was capable oflearning more valuable, significant, appealing and enabled the
student to progressively build, from grade level to grade level (Lowery, 1998).
For the purpose of this project a brain-based pedagogy was utilized do to Cascade
Middle School's Title I status and the grant from the NSF will subsequently support the
curriculum thus increasing student achievement (OSPI, 2002).
Statement of the Problem
How can a brain-based pedagogy increase student achievement? Will teachers
implement a brain-based pedagogy to create a learning environment that will stimulate
and challenge the brain to learn in an optimal environment, giving students a quality
education, and consequently raise WASL scores?
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Pm:pose of the Project
The purpose ohhis project was to design a brain-based pedagogy that increased
student achievement at Cascade Middle School in the Highline School District #401, in
Seattle, Washington. The goals for this project were for teachers to implement three
conditions the brain needs for complex learning to have occurred, which were; relaxed
alertness, orchestrated immersion and active processing (Lamb, 2001).
Limitations of the Project
For the purpose of this project it was necessary to establish the following
limitations:
Scope: The brain-based pedagogy was designed for use in grades seven and eight by
selected public school districts.
Research: The review ofliterature was limited primarily to research conducted within the
last five (5) years.
Target Population: The brain-based pedagogy lesson plan was designed for use in grades

7 and 8.
Definition of Terms
For the purpose of this project the following terms were defined.

Active processing: Making meaning through experience processing (Lamb,
2001).

Prior Knowledge: The individual constructs basic knowledge through experience
(Lowery, 1998).
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Brain-based learning: An understanding oflearning based on the structure and
function of the brain. Learning occurs if the brain is not prohibited from fulfilling
its normal processes (Seith, 2000).
Bodybrain: Term coined by Susan Kovalik to reflect the dynamic and integrated
involvement of the entire human organism in the learning process (McGeehan,
2001).
Bodybrain-compatible: An expansion of brain-compatible, a term used by Leslie
Hart to refer to education that fits well with the nature and function of the human
brain as currently understood. The word bodybrain reminds one that the whole
body is involved in the learning process (McGeehan, 2001 ).
Cortex: The bark, or neuron-packed outer layers of the brain in which conscious
thought takes place (McGeehan, 2001).
Dendrites: The major receptive surface of the nerve cell (D' Arcangel 0, 1998)
Glial cell: Provide the scaffolding during development and the structure, and they
assist in providing the nutrients for the neuron (D' Arcangelo, 1998).
Informational substances: A term used by neuroscientist Francis Schmitt to
describe a variety of transmitters, peptides, hormones, and protein ligands that
make up a chemical communication system among the body's cells (McGeehan,
2001).
Neuron: A type of brain cell that receives stimulation from its branches, or
dendrites, and communicates to other neurons by firing a nerve impulse along an
axon (McGeehan, 2001).

6

Neurotransmitter: One of over 50 chemicals stored in neuronal axon sacs that
transmit impulses from neuron to neuron across synaptic gaps (McGeehan, 2001 ).

Orchestrated alertness: Creating learning environments that fully immerse
students in an educational experience (Seith, 2000).

Peptide/Neuropeptide: A chain of amino acids that serves as an information
messenger for states, moods, and thinking as it travels throughout the body. Every
peptide produced within the body has receptors in the brain, qualifying each to be
considered a neuropeptide (McGeehan., 200 l ).

Plasticity: The brain is able to be a life long learning tool (Lackney, 1998).
Practice: When someone does the same thing over and over to improve a
performance (Lowery, 1998).

Pruning: The brain is hardwired and certain tasks can be learned only at certain
ages (Lackney, 1998).

Receptors: Protein molecules located on the surface of all cells, which receive
chemical messages from other cells (McGeehan, 2001).

Relaxed alertness: A low threat, high challenge state of mind (Lamb, 2001 ).
Synapse: The microscopic gap between the axon of one neuron and the dendrite
of another (McGeehan, 2001).

CHAPTER TWO
A REVIEW OF RELATED LITERATURE AND INFORMATION
OBTAINED FROM SELECTED SOURCES
Understanding the workings of the human brain can be the catalyst for dramatic
and needed changes in classrooms (D' Arcangelo, 1998). Jones (2002) described for the
first time in the history of formal schooling, we had the opportunity and challenge to act
on the biology oflearning rather than simply following traditional practices.
This chapter examined the brain-based learning teaching methods, purposes, and
effects of a brain-based pedagogy on student achievement. In addition, the writer
discussed the problems associated with brain-based education, and provided a rationale
for using a brain-based pedagogy as the preferred method of curriculum implementation
for this project.
Brain Based Learning
Spears and Wilson (2002) defined brain-based learning as a comprehensive
approach to instruction based on how current research neuroscience suggested our brain
learns naturally. Lankard (1996) articulated everyone could learn if the conditions are
conducive; the reality was that everyone does learn. According to Slavkin (2002), every
person was born with a brain that was a powerful processor, and humans seek knowledge.
However, Seith (2000) concluded traditional educational settings and pedagogic methods
often inhibited learning by discouraging, ignoring, or punishing the natural learning
processes of the brain. Walker (1996) conveyed brain-based education was a new view
oflearning. This new view draws its strength from cognitive neuroscience, which had a
direct bearing on the nature of how curriculums were developed (Lowery, 1998).
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Lamb (2001) concluded, to achieve a greater understanding of brain-based
learning, neuroscientists have developed twelve key principles and three instructional
techniques associated with brain based learning. The twelve key principles as stated by
Lamb (2001) were:
Principle One: The brain is a parallel processor, meaning it can perform several
activities at once, like tasting and smelling.
Principle Two: Learning engaged the entire physiology.
Principle Three: The search for meaning was innate.
Principle Four: The search for meaning occurred through patterning.
P1·inciple Five: Emotions were critical to patterning.
Principle Six: The brain processed wholes and parts simultaneously.
Principle Seven: Learning involves both focused attention and peripheral perception.
Principle Eight: Leaming always involved conscious and unconscious processes.
Principle Nine: We have at least two types of memory - a spatial memory system and a
set of systems for rote learning.
Principle Ten: The brain understands and remembers best when facts and skills were
embedded in natural spatial memory.
Principle Eleven: Learning was enhanced by challenge and inhibited by threat.
Principle Twelve: Each brain was unique.
In addition for complex learning to have occurred, Seith (2000) stated three instructional
techniques associated with brain-based learning must be present:
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•

Orchestrated immersion - where learning environments were created that
fully immersed students in a learning experience.

•

Relaxed alertness - where an effort was made to eliminate fear while
maintaining a highly challenging environment.

•

Active processing - where the learner consolidated and internalized
information by actively processing it.

Sylwester (2002) articulated that once a desirable emotional climate in the
classroom was achieved, we could now focus our attention on the neuroscience findings
that helped us understand the central role of experience in human learning. McGeehan
(2001) recognized new experiences physically changed the brain by causing neurons, the
brain cells principally involved in cognition., to sprout new branches, or dendrites, and
thus increased communication among neurons across the microscopic gaps called
synapses. The synaptic leap of an electrical impulse between the axon of one neuron and
the dendrite of another was the physical basis of learning memory (Wolfe & Brandt,
1998). Furthermore, the Metropolitan Omaha Educational Consortium (2000) conferred,
when a pathway of communication within a network of neurons was used repeatedly, it
became increasingly efficient and that is how something is learned.
According to Sylwester (1993), experiences that provided rich sensory input well
beyond the capacity of a book or a worksheet have had the greatest chance of sparking
dendritic growth and increased synaptic connections. McGeehan (2001) discussed firsthand experiences in the world outside the school and with real things inside the school
evoked such rich sensory input to the brain.
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Carnett (2000) detailed such experiences could be visiting the school pond, inspecting
earthworms up close, observing a seed become a plant.
The Southwest Educational Development Laboratory (2000) described learning
that started with a being-there experience gave added power to all other kinds of input
whether it is immersion, hands-on with real objects, hands-on with models, second hand,
or symbolic experiences.
Purpose of Brain Based Education
Leaming was a natural function of the brain (Child Development Institute, 2002).
Lawson (200 l) discussed the brain functions for its own survival; it was not naturally
hardwired for formal, institutional, standardized, instruction. Hart ( 1996) noted, in light
of brain-based studies, current theories and practices of instructional design,
development, and delivery needed to be reexamined for their compatibility with how the
brain learns best.
Guild (1997) recounted proponents of brain-based education demonstrated that
accommodating the students' learning strengths, individual intelligences, attended to
ways the brain absorbed and processed information resulted in more effective learning.
Our children learned as a result of the input, which their brains received from their senses
(Children's World, 2002). Doman (1986) concurred that what students learned was a
reflection of the frequency, intensity, and duration with which their brains received input.
Moreover, Lawson (200 l) reported brain-based research validated learning was
individually specific, which implied that standardized materials, instruction, and practices
may actually diminish or inhibit learning.
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Sylwester (1994) confirmed that the positive and negative aspects of the learning
environment largely determined turning the child on to learning or turning the child off.
Doman (1986) reported a positive environment encouraged learning; a negative
environment created actual neurological dysfunction, and discouraged development and
learning.
Sylwester ( 1993) reported, children acquired science, math skills and knowledge
by exploration. It was the hands-on approach that emphasized experimentation,
discussion, and group participation; moreover, learning was a complex process and
students learned in various ways (Carnett, 2000). Wolfe & Brandt (1998) recounted the
teacher who acknowledged and actively responded to these truths facilitated learning
success for more learners.
Effects of Brain Based Learning
There were principles that drove learning, and most human beings were motivated
to search for meaning; we tried to create patterns from our environment, and we all
learned to some extent through interaction with others (D' Arcangelo, 1998). Lankard
(1996) recounted the brain, when allowed to express its pattern-making behavior created
coherency and meaning. Lackney ( 1998) further discussed, the brain has plasticity and
the pruning that scientists thought took place at an early age had been confirmed that
nerve cells continue to grow throughout life. According to McGeehan (2001) an enriched
environment contributed up to a 25% increase in the number of brain connections both
early and later in life.
As conferred by Brandt (1997) teachers have encouraged students to find patterns

and connections in what they have learned.
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In addition, teachers know students learn more readily when they are emotionally
involved in the lesson, because emotion motivated attention, the attention mechanism
coerced the whole learning and memory process (Sylwester, 1994).
Genesee (2000) described an ultimate goal of teachers was to tum students into
life long learners. The new curriculum of brain-based learning did not speed up the
student's development or move down advanced concepts (Walker, 2000). Rather, the
goal of a brain-based pedagogy was to link prior knowledge to subsequent knowledge
(Lowery, 1998).
Problems with Brain Based Pedagogy
Tomlinson and Kalbfleisch (1998) concurred brain-based learning was of interest
to anyone concerned with learning. However, the Metropolitan Omaha Educational
Consortium (1999) cautioned about making sweeping changes without thoughtful
consideration, but the information and its implications were too important to ignore.
Moreover, Lamb (2001) discussed brain science was a new field, and we have learned
more about the brain in the last S years than in the past 100 years. Nearly 90 percent of
all the neuroscientists who have ever lived were still studying the brain (Wolfe & Brandt,
1998)
Jones (2002) discussed that neuroscientists warned educators to read the literature
carefully; some people often misinterpret the findings. Nunley (2001) also articled any
well-meaning educator believed that hearsay or a single study justified a certain
classroom strategy, even without evidence that it did so.
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Jensen (2000) discussed further, what passed for good teaching was a collection of basic
psychology and common sense, refined by trial and error. Lackney added (1998}
although we know enough about the brain to justify specific strategies, that only a few
years ago were just good ideas without scientific basis.
Robert Sylwester (1993) reviewed new brain theories, which became culturally
controversial, because they required reconceptualizations of such concepts as parenting,
teaching, learning, identity, and human potential. Further, some people misused the
theories to support racist, sexist, and elitist beliefs (On Purpose Associates, 2002).
Rationale for Using Brain Based Pedagogy
Brain-based learning gave students and teachers the chance to work together to
find effective ways of organizing learning (Slavkin, 2002). Guild (1997) added enriched
environments were needed to facilitate these learning environments; the National Science
Foundation funded a multisensory laboratory-oriented science and mathematics projects
that created hands-on learning environments. The Highline School District #401 in
Seattle, Washington was involved in a grant with Bellevue School District, Seattle Public
Schools, Shoreline Public Schools, Northshore School District, along with the National
Science Foundation, the Institute for Systems Biology in Ballard, Full Option Science
System (FOSS) and Science Education for Public Understanding Program (SEPUP),
Lawrence Hall of Science; Science and Technology for Children (STC), National Science
Resources Center; Insights, and Education Development Center were involved in
developing brain based pedagogy for middle school science (Lowery, 1998).
Lankard (1996) stated the goals of the National Science Foundation and other
organizations were to take students through the following processes:
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Engagement-problem-based learning required students to self-direct their search
for a solution, often by assuming the role of a key actor in the problem situation,
e.g. lawyer, biologist, etc.
Inquiry - Students brainstormed with others and gathered information from
multiple sources.
Solution Building - Students work in teams discussed alternatives and examined
possible solutions.
Debriefing and Reflection - Students shared information, opinions, and ideas with
others based on what they have learned through experience.
Presentation of Findings - Students wrote plans, reports, and other forms of
documentation to include in their portfolios of accomplishments and
achievements.
Walker (1996) further discussed, in a society where change was constant and teamwork
was a way oflife at work, the lessons learned through involvement in the problem-based
learning were essential for students' career development.
Moreover, due to the fact that Cascade Middle School was a Title I building and
was being held accountable by the A+ Commission regarding their WASL scores by the
year 2004, a new pedagogical method had to be found to assist in raising student scores
(OSPI, 2002). The faculty at Cascade Middle School was working hard to achieve the
goals of the A+ Commission and have conducted research on various pedagogical
methods.
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In turn educators were finding that a brain-based pedagogy could help educators and
students appreciate the dynamic nature of information, and increase student interest in
learning (Slavkin, 2002).
Summary
The review ofliterature in Chapter 2 focused on brain-based learning, its effects
on teaching methods, and on student achievement. Literature was cited bearing
consequences in using a brain-based pedagogy, and the rationale was cited in the benefits
in using a brain-based pedagogy for this project. The literature supported that a positive
relationship between students and teachers will be gained, and student achievement will
nse.

CHAPTER THREE
PROCEDURES
The purpose of this project was to create pedagogy for science teachers that will
increase student achievement at Cascade Middle School in the Highline School District
#401, in Seattle, Washington. To achieve this objective, a review of related literature and
research was conducted and the information was analyzed.
Need for the Project
Slavkin (2002) discussed when students believed the information they were
learning was authentic and within their control, they become empowered learners,
responsible for their goals and motivated to identify connections between concepts.
Furthermore Carnett (2000) noted that students' brains are hard wired for a brain-based
pedagogy. Cascade Middle School was in its second year of being a Title I school; they
were in danger of the state taking over the building if student scores did not increase. In
lieu of the Title I status, a new administration was brought in to help achieve the goals of
theNCLB.
Support and demand from the new administration called for the staff and district
to research new pedagogical methods that increased student achievement. Therefore, the
method of brain-based learning was researched in order for middle school staff members
to increase student success and create interest in science.
Science teachers faced the daunting task and challenge to foster students' deep
understanding of the nature of science and its fundamental concepts and processes.
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Many teachers learned science mainly from textbooks and have rarely participated in
authentic scientific inquiry, limiting their ability to effectively teach a hands-on, brainbased approach. For other teachers their science content knowledge was either out of
date or lacked the depth called for to achieve the goals of the NCLB. Moreover, many
middle school science teachers were assigned to teach curricula that were outside their
'

field of study.
Procedures for the Project
The writer undertook the following procedures to develop a brain-based pedagogy
for Cascade Middle School:
•

An extensive review and analysis of related research and literature was

completed.
•

An extensive training program in brain-based learning was provided

by: University of Washington, Institute for Systems Biology, Boeing,
Immunix Corporation, Full Option Science System, and the National
Science Foundation.
•

Information regarding staff development appropriate for implementing
and sustaining a brain-based pedagogy was obtained from:
National Science Foundation

Bellevue School District
Bellevue, Washington

Northshore School District
Northshore, Washington

Seattle School District
Seattle, Washington

Highline School District
Seattle, Washington

Shoreline School District
Shoreline, Washington
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Implementation
Over the five years, Cascade Middle School science teachers will attend Summer
Institutes classes and workshops throughout the school year, which will enable them to
have a school-based implementation with support from a science resource teacher. Each
Cascade Middle School science teacher will have the opportunity to have participated in
at least 165 hours of professional development. In addition, each teacher will enhance
their science content knowledge through authentic inquiry and exploring a variety of
emerging curricula, which will be used and evaluated in their classrooms. The science
teachers, and building leaders will determine Cascade Middle School's individual
curriculum direction.

CHAPTER FOUR
THE PROJECT
This chapter includes a brain-based pedagogy for middle school science teachers
at Cascade Middle School. This curriculum includes an overview of a brain-based
pedagogy, and the processes needed for implementation, a compilation oflessons, and
suggestions for practicing a brain-based pedagogy in the science classroom. As eighth
grade science teachers at Cascade Middle School do not have an adopted curriculum, this
resource is to provide teachers with a guide of suggested curriculum topics using a brainbased pedagogy. In addition, a brain-based curriculum has been proven to increase
student achievement, in tum helping Cascade Middle School reach the goals of the A+
Commission.
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Curriculum Overview
The following brain-based curriculum was developed through the utilization of
the updated Washington State Academic Learning Requirements for Science, and
curriculum requirements for Cascade Middle School. The purpose of this project was to
develop a brain-based pedagogy for eighth grade science teachers at Cascade Middle
School in the Highline School Distlict.

Vision Statement
Cascade Middle School creates responsible, life-long learners in a safe and
respectful environment where all are inspired and celebrate diversity.

Brain-Based Pedagogy
Learning is a natural and innate process (Lamb, 2001 ). Three instructional
techniques need to be present to accomplish brain-based learning in the classroom (Seith,
2000). The first technique is orchestrated immersion; this was achieved when the learning
environment fully immersed students in the learning experience, such as a walk-a-bout,
growing plants and creating puff mobiles (Lamb, 2001). The second technique was
relaxed alertness; this was accomplished when students eliminated all fear of being put
down, or inhibited, and a challenging learning environment is maintained (McGeehan,
2001). The third technique is active processing; this takes place when the learner
consolidated and internalized information by actively processing it (Carnett, 2000).
Once a desirable emotional climate is achieved authentic learning can occur. The goal of
brain-based learning is to provide lessons beyond a textbook; the lessons should be
hands-on and sensory rich.
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Section II

PS

Relaxed Alertness
Activity: This lesson is designed to achieve relaxed alertness, which is needed to
accomplish brain-based learning. Once a comfortable atmosphere is created in the
classroom, brain-based learning can occur.

Materials•
•

Four pieces of poster board

•

Four markers

Procedure:
1. Divide the class into four equal groups.
2. Each group is given a title, and they are to write the title on their poster board.
3. The titles are:
•

Respect

•

Classroom Rules

•

Classroom Conduct

•

How do you want to be treated?

4. Each group is to brain storm ideas and write them on half of the poster board what
they think the definition of these words are, and what this behavior looks like in
the classroom.
5. On the other half of the poster board they are to write down consequences in four
step from the first offense to the last offense if these behaviors and rules are not
followed.
6. After students have had about twenty to thirty minutes to prepare their poster,
they are to share them with the class.
7. After posters are shared, the class votes whether or not these behaviors and rules
can be followed. It has to be a majority that can follow these behaviors.
8. Hang the posters on a wall or bulletin board for the students to see and remind
them of their behaviors and rules that they designed for the classroom.
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Section III

Natural Resources

P7

Organizational Structure
This unit is structured in a manner that each natural resource takes one
class period. The only exception is making paper, which will take two days.
Begin each day with brainstorming the questions for each resource.
Students will fill in their chart while you fill in your chart on the overhead to
help them take notes. Brain-based learning will occur with students discovering
through brainstorming, hands-on activities and subsequent discoveries of
natural resources.
At the completion of the lessons students will make a book geared for
elementary students. The cover of the book will be made with the paper they
made from the paper lab. Allow 3 class periods for the creation of the book.

Organizational Structures
!Renewable vs. Nonrenewabl~

•

~olar Energy - Renewabl~

!Wood- Renewabl~

•
•

!Water- Renewabl~

!Biomass - Renewabl~

Land - Nonrenewabl

Minerals - Nonrenewabl

!Fossil Fuels - Nonrenewabl~
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Washington State Essential Academic Learning
Requirements
Benchmark 1.1-Grade 8
Use properties to identify, describe,
and categorize substances, materials,
and objects and use characteristics to
categorize living things.

Benchmark 1.2 - Grade 8
Recognize the components, structure,
and organization of systems and the
interconnections within and among
them.

Understand that energy is a property
of substances and systems and
comes in many forms, including
stored energy, energy of motion, and
heat energy such as light, electrical,
mechanical, sound, nuclear, and
chemical.
Determine factors that affect rate and
_.. amount of energy transfer; associate
a decrease in one form of energy
with an increase in another.

Generate questions that can be
answered through scientific
investigation.
Benchmark 2.1 - Grade - 8
Develop the knowledge and skills
necessary to do scientific inquiry.

Design, conduct, and evaluate
scientific investigations, using
appropriate equipment,
mathematics, and safety procedures.
Communicate scientific procedures,
investigations, and explanations
orally, in writing, with computerbased technology, and in the
language of mathematics.

Benchmark 2.2 - Grade 8
Understand the nature of scientific
inquiry.

Understand that scientific
_.. investigation is limited to the natural
world.

Adapted from: Office of Superintendent of Public Instrnction Curriculum and Instrnction Curriculmn
and lnslmction. ( January. 2003). 1f(lshi11gto11 State Essential Academic Lear11i11g Requireme11ts.
Printed 1/20/3002
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Washington State Essential Academic Learning
Requirements
Benchmark 3.1- Grade 8
Apply design processes to create
/
solutions to human problems or
meet challenges usmg the
knowledge and skills of science and \
,_t_ec_hn_o_l_o=gy,___._ _ _ _ _ _ _ _ __,

Identify and examine common,
everyday challenges or problems in
which science/ technology can be or
-,_h_-a_s_bee_-_n_u_s_e_d_t_o_d_-e_s_,ign~s_o_l_u_ti_o_ns_._~
~ - - - - - - ,

Identify, design, and test alternative
solutions to a challenge or problem.

Benchmark 3.2 - Grade 8
Know that science and technology
_. Compare and contrast multiple
are human endeavors, interrelated to
solutions to a challenge or problem.
each other, to society, and to the
workplace.
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Natural Resources
Dayl
Activity 1: Walk-A-Bout

Materials:
• Paper
• Writing utensil
Procedure:
1. Take students on a walk around the campus. As students are walking,
they are to write down objects that they think are natural resources.
2. When students are back in class, compile a group list of the items they
thought were natural resources.
Discuss the following:
• Why is that item a natural resource?
• What is that item used for?
• What is the origin of that item?
• Do you use that item in daily life?
Activity 2:
Read The Giving Tree by Shel Silverstein
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Natural Resources
Day2
Activity 1: Making the Strange Familiar
Materials:
• Large Poster Paper/overhead
• Markers
• Resource of everything we use in our lifetime overhead
• Natural Resource word search.
Procedure:
1. Have a student volunteer to be the class stenographer.
2. Using the data from the previous day, have students make two lists of their
resources on the large poster paper or overhead. (Guide the lists so they compile

nonrenewable and renewable resources and a list for not a resource)
3. Label the lists renewable and nonrenewable.
4. Introduce the concepts of renewable and nonrenewable resources and organic and
.
.
morgamc.
Renewable Resource - Resources that can be replaced by nature.
Nonrenewable - Resources that cannot be replaced by nature. Once they are gone, they
cannot be replaced.
Inorganic - Natural resources that are not alive
Organic - Natural resources that are alive.

Activity 2: Show the overhead of the Resources we use throughout our lifetime and
discuss the different resources we use.
Activity 3: For the remainder of the class and homework students complete the Natural
Resource word search.

Pl2

Activity 2

Resources we use throughout our lifetime

1,615 lbs. of
Copper

23 lbs. of Zinc

1,736 Troy oz.
of Gold

1.65 million lbs.
Stone, Sand and
Gravel

590,746 lbs. of
Coal

82,080 gallons
of Petroleum

20,532 lbs. of
Phosphate
Rock

67,826 lbs. of
Cement

5,691 lbs. of Aluminum/Bauxite

42, 141 lbs. of Iron Ore

1,000 lbs. of Lead

32,221 lbs. of Salt

61,059 of
other Metals
and Minerals

Adapted from: Mineral Information Institute.(n.d.) Retrieved April 3, 2003, from www.m.ii.org
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Activity 3 Teacher Resource
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Natural Resources
Day 3 Solar Energy
Activity 1: Introduce the chart for the culminating project
Activity 2: Discuss the following: The sun is a renewable resource. Its power can
be converted to electrical energy. Solar power can run calculators or be installed
to provide electrical energy in your house. (As you discuss the following, fill out
- your teacher chart on the bUlletln board and stttdefit fill outtheil' indiVidual - charts.)
Advantages:
• Almost limitless source of energy
• Does not produce pollution

Disadvantages:
• Expensive to use for large scale energy production
• Only practical in sunny areas

Activity 3: Solar Energy Review
Listen to the sun sing
Watch the sun boil
View pictures of the sun and learn why it sings

Materials:
•

Computer and projector

Procedures:
Visit the website: http://solar-center.stanford.edu/ singing/ singing.html#helio
Review this website previous to class so you can download the sun singing.
View the different pages that link off of this site with your students and learn
how the sun sings, how scientists measure the sun and watch pictures of the sun
boiling.
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Natural Resource Example, nonrenewable/renewable
Where resource found? Why do
we need this resource? Advantages?

-

P17

How can this resource be managed?
Your opinion? Disadvantages?

Teacher Data Table
Natural Resource Example, nonrenewable/renewable
Where resource found? Why do
we need this resource? Advantages?

Solar

Wind

Wood

Biomass

Water

Land

Minerals

Fossil Fuels
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How can this resource be
managed? Your opinion? Disadvantages?

Natural Resources
Wind
Activity 1: Introduce wind as a natural resource.
Discuss the following:
• Wind is a renewable resource
• · Wind is caused by the sun's uneven heating of the Earlh's surface,
which creates currents of air.
• Windmills that can generate electricity are being built all over the
world.
• A wind turbine converts kinetic energy into electrical energy by
rotating a generator.
• Wind power will help replace fossil fuels
Advantages:
• Wind is a renewable resource
• Relatively inexpensive to generate
• Does not produce air pollution
Disadvantages:
• Only practical in windy areas
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Natural Resources
Wind
Activity 2: Build Puff Mobiles
Objective: Students will work in teams of two to brainstorm a puff mobile
with the materials given to them.
Materials:
• 10 plastic straws
• 1 sheet of paper
• 4 wooden beads 1 % in. diameter with a hole in the middle
• Unlimited number of straight pins
Procedure:
• Discuss how wind is used to power sailboats and other crafts.
• Brainstorm what would cause the boat to move, and what would
make it work?
• Group students in groups of 2, hand them a baggie with the
materials.
• Students have 15 minutes to build a craft and test it for motion.
• After 15 minutes students choose their windiest student and race
other teams
• They have 15 seconds to see who can blow their craft the farthest
in 15 seconds.
Assessment
Discuss the design of the puff mobiles and which one went the furthest
and why?

Adapted from: Lesson Plans Page.com (2000). The Mighty PuffMobil. Retrieved April 3, 2003, from
http://www.lessonplanspage.com/ScienceMDPuflMobile-WindPower48.htm
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Natural Resources
Wood
Activity 1:
As you discuss the following, fill out the bulletin board and students fill in their
individual chart
• Trees are a renewable resource
• What is the· darn.age caused by deforestation?
• What are the consequences of cutting down rainforests?
• What are the uses of this resource?
• How can this resource be managed?
• What are the disadvantages of using this resource?
• What are the advantages of using this resource?
• How can we conserve this natural resource?
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Natural Resources
Wood
Activity 2: Making Paper
Materials:
• 2 full newspapers/ extra paper torn
• Food processor
• 2.Thsp.Whlte glue
• 2-3 cups of water
• Tub
• Screen/ if a screen is unavailable use a nylon tied around a hanger
• Plastic wrap
• Heavybook
Procedures:
1. Tear the newspaper into small pieces. (The paper and water can sit
overnight)
2. Place the paper and water into the food processor.
3. Mix until a large bunch of goo is formed or paper pulp.
4. Place the screen in the bottom of the pan. Pour the pulp onto the screen,
spreading it out evenly. Then lift the screen above the pan, allowing most
of the water to drip into the pan.
5. Place the screen and pulp on several layers of newspaper to absorb the
rest of the water. Lay a sheet of plastic wrap over the pulp. Place a heavy
book on top of the plastic wrap to press more water out of the pulp.
6. After about 30 minutes or the next day, carefully turn over the screen,
plastic wrap, and pulp. Remove the screen and plastic wrap. Let the pulp
sit on the newspaper for one or two more days to dry.
7. When the pulp is dry you can iron it flat
(Different dyes can be added to make different color paper)

Adapted from: Church, J. (1995). Yau Can Make Paper. Retrieved April 3, 2003, from hllp://www.
reachoutmichigan.org/funexperiments/agesubjecl/lessons/beakman/paper.hunl
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Natural Resources
Water
Activity 1:
As you discuss the following write the information on the teacher bulletin
board and students write the information on their individual chart.
• What are the uses of water?
• Where does this resource come from?
• Why do we need this resource?
• What are the advantages of using water?
• What are the environmental consequences of using water as a
resource?
• How can this resource be managed?
Advantages:
• Renewable resource
• Does not produce air pollution
Disadvantages
• Dams disrupt a river's ecosystem
• Available in areas with rivers
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Natural Resources
Water
Activity 2: Water Comparison Lab
Materials:
• 2 - 1,000 ml beakers per group
• 1100 ml graduated cylinder
• Tap water
• 1 quart of vegetable
• 1 bottle of blue food coloring
• 1 stirring rod per group
• World water distribution table
Procedure:
Prior to starting the lab show the overhead of the world water distribution and
discuss.
1. Label the 1000ml beakers beaker 1 and beaker 2
2. Beaker 1 will represent the world's water distribution in terms of fresh US
saltwater.
3. Have 7 different labeled stations according to the water use table.
4. Measure out and pour 970 ml of water and add 2 drops of blue food
coloring to represent the ocean.
5. Pour 30 ml of vegetable oil into the beaker. This portion will represent the
world's fresh water portion.
6. Next, students will get beaker 2, using the graduated cylinder go to each
station and add the proper amount of according to water use.
• Dishwasher 30 ml
• Toilet leaks 50 ml
• Baths 90 ml
• Faucets 120 ml
• Showers 210 ml
• Washing Machines 220 ml
• Toilet Flush 280 ml
7. Observe the beakers and answer the questions on the student sheet
8. Wash the beakers and clean up lab materials.
9. Allow time for students to answer the lab questions and then discuss their
answers as a class.

Adapted from: Penn State University. (n.d.) Sustainable Forestry Teacher Resource Center. Retrieved
from http://sftrc.cas.psu.edu/water%20lessons/earth%20water%20distribution.htrn #white!
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Natural Resources
Water Lab
Water Comparison Lab
Materials:
• 2 - 1,000 ml beakers per group
• 1 100 ml graduated cy tinder
• Tapwater
• 1 quart of vegetable
• 1 bottle of blue food coloring
• 1 stirring rod per group
• World water distribution table
Procedure:
10. Label the 1000ml beakers beaker 1 and beaker 2
11. Beaker 1 will represent the world's water distribution in terms of fresh
and salt water.
12. Measure out and pour 970 ml of water and add 2 drops of blue food
coloring to represent the ocean.
13. Pour 30 ml of vegetable oil into beaker 1. This portion will represent the
world's fresh water portion.
14. Next, using a graduated cylinder and beaker 2, visit each station and add
water to beaker 2 according to water use.
• Dishwasher 30 ml
• Toilet leaks 50 ml
• Baths90 ml
• Faucets 120 ml
• Showers 210 ml
• Washing Machines 220 ml
• Toilet Flush 280 ml
15. Observe the beakers and answer the questions on the student sheet.
16. Wash the beakers and clean up lab materials.
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Using complete sentences answer the following questions.
1. Most of the world's water can be found where?

2. Is this water suitable for human use? Explain

3. What percent of the world's water is fit for human use? Why is it suitable?

4. Is all of the world's fresh water available for human use?

5. Most of the world's fresh water is used from which portion of fresh water?

6. Using the data from question 13, what category accounts for the smallest
water use?

7. Using the data from question 13, what category accounts for the largest
water use?

8. List three ways you could conserve water around your house.
1.

2.
3.

9. Compare and contrast beaker one with beaker 2. What conclusions can
you draw from this information?

(
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Natural Resources
Water Distribution
All Water
120
100
80
!ill Oceans

60 · -

1111 Fresh Water

40
20
0
1

Fresh Water
80
70

ill Ice Caps and

Glaciers

50
40
30

111 Groundwater
0Acti1.e Water

10
0
1

Adapted from: Penn State University. (n.d.) Sustainable Forestry Teacher Resource Center. Retrieved
from http://sftrc.cas.psu.edu/water"/o20lessons/earth%20water"/o20distribution.htm #white!
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Adapted from: Penn State University. (n.d.) Sustainable Forestry Teacher Resource Center. Retrieved
from http://sfuc.cas.psu.edu/water"/o20lessons/earth%20water"/o20distribution.htm #whitel
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Natural Resources
Biomass
This lesson is shorter than most and is perfect for an early release Wednesday.
Activity 1:
As you discuss the following fill out the bulletin board and students fill in
their individual chart.
• What is biomass (organic matter such as plants, wood and waste, that can
be burned to release energy.)
• Who would use biomass? (Nonindustrialized countries use biomass for
energy.)
• Certain plants can also be converted into liquid fuel, ex. Corn can be used
to make ethanol, which is often mixed with gasoline to make cars burn
fuel cleaner.
Advantages:
• Renewable resource
Disadvantages:
• Requires large areas of farmland
• Produces smoke
Activity 2: Biomass visuals

Materials: computer and projector
Procedures:
Go to the following website and view how biomass is made:
http:// wv,tw .nrel.gov /data/pix/ searchpix visual.hhnl
http://www.dti.gov.uk/rene,vable/ed pack/trail.hhnl
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Natural Resources
Land
Activity 1: As you discuss the following fill out the teacher bulletin board and
students fill in their personal data chart.
• What are the different kinds of land pollution?
o Litter
b Industry
o Leaking land fills
• Discuss crop rotation
• Discuss terracing
• Discuss erosion and the loss of topsoil and the use of windbreaks to
eliminate wind erosion
• The use of growing plants to prevent erosion
• Land and soil reclamation to obtain other natural resources
• Land is a renewable resource
Activity 2: View pictures of different types of soil use

Materials:
• Projector and laptop
Procedures:
View the following website to show students the different uses of land:
Coal mining: http://www.microserve.net/-magicusa/coalmine.hhnl
Various mines: http:/ / wvvw. netwizardrv .com/ envscience / miningpics.htm
http:// "-''WW. photova ult.com /link/Technologv /Outside/ Mining/TO MVolume
Ol.hh11I
http://icelandiscool.com/ photos/ fanni ngpictures.htm
Activity 3: Reconstruct the school building so it is more land efficient.

Materials:
• Ruler
• Paper
• Writing utensil
Procedures:
1. There are 40 teachers and 850 students in the building.
2. Reconstruct the school building to incorporate each classroom and
teacher, so that the building uses less land.
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Natural Resources
Minerals
Activity 1: As you discuss the following questions write the answers on the
teacher bulletin board and students complete their personal data chart.
• Minerals are a nonrenewable resource
• What is a mineral? (it is a natural chemical substance found in soil or
rocks)
• Where are these resources found?
• Why do we need these resources?
• What are the advantages of using these resources?
• What are the environmental consequences of using these resources?
• How can we manage these resources?
• What are the disadvantages of using this resource?
Activity 2:
1. List several minerals and their use.
o Asbestos - insulation
o Limestone - cement
o Quartz-watches
o Sulfur - chemicals
o Halite - salt
o Clay - Brick
Activity 3: Show the overhead of"Where Does Your House Come From?" and
discuss the different uses of minerals.
Activity 4: Show the overhead and discuss minerals imported by the United
States.
Activity 5: Answer the
accompanying questions with the
minerals imported by the United
States
Activity 6: Complete the word
search.
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Where Does Your House Come From?
If you have a furnace,
it is made from
steel.

Your mortgage and
rental contract is
written on paper
made from wood
fibers.

The interior
walls are
usually made
from wallboard,
which is
gypsum.

The carpet in your
home is made from
synthetic fibers that
are derived from
petroleum.

The insulation
in your walls is
made of glass
fibers.

Your sewer system is
made of day or iron
pipes. The septic
tank is made from
concrete.
Your toilets, sink and
bathtubs are made of
porcelain over iron,
or plastic.
Your plumbing
fixtures may be made
of brass or stainless
steel.
The electrical wiring
is made of copper or
aluminum.
The paint on your
house is made with
mineral fillers and
pigments.

The gutters that catch
the rain are made
from galvanized steel
or plastic.
Your windows are
made from glass,
which contains silica,
sand and feldspar.
Your doorknobs,
locks and hinges are
brass or steel.
Your fireplace maybe
made of rock, brick,
or you may have a
wood burning stove,
which is made from
steel, iron, and alloys.

Your roof may be
covered with asphalt
shingles, fiberglass,
day, or corrugated
iron.
Your walls will be
made of wood, and
fastened together with
iron or zinc nails.
The exterior walls
might be made from
concrete, brick, stone,
or aluminum siding.

Adapted from: Mineral Information Institute.(n.d.) Retrieved April 3, 2003, from www.mii.org
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Minerals Imported by the United States

Mineral/Metal Percent
Arsenic
Grauhite
1-1allganese
Strontium
Thallium
Yttrium
Bauxite/ Aluminum
Gemstones
Diamonds
Asbestos
Tun!!sten
Platinum
Tin
Cobalt
Chromium
Potash
Nickel
Stone
Iodine
Cadmium
Peat
Zinc
Selenium
Silicon
Gvnsum
Sulfur
Nitro2:en
Iron Ore
Salt
Lead
Cement

100%
100%
100% .
100%
100%
100%

99%
98%
95%
95%
94%
91%
84%
79%
75%
74%
66%
65%
58%
50%
49%
41%
39%
39%
35%
18%
15%
12%
12%
8%
7%

Countries Supplying U.S.
with Minerals

China, Chile, Mexico
Mexico, Canada, Germany, Thailand, Nigeria
_South Africa,}irance, Bn12il, Australia
Mexico, Germany, Spain, China
Behdum, Canada, United Kingdom
Australia
Australia, Guinea, Jamaica, Surinam
Israel, Bel<Tium, India, United Kin!!dom
South Africa, Ireland, United Kin2:dom, Zaire
Canada, South Africa
China, Bolivia, Peru, Germany
South Africa, Russia, United Kingdom
Brazil, Bolivia, China, lrldonesia
Zambia, Zaire, Canada
South Africa, Turkey, Zimbabwe, Yu2:oslavia
Canada, Israel, Former U.S.S.R, Germany
Canada, Norway, Australia, Dominican Reuublic
Italy, Spain, Canada
Janan, Chile
Canada, Mexico, Australia, Bel2:ium
Canada
Canada, Mexico, Peru, Spain, Australia
Canada, Janan, Philionines, Bellrium
Brazil, Norway, Canada, Venezuela
Canada, Mexico, Spain
Canada, Mexico
Canada, Mexico, Former U.S.S.R, Trinidad
Canada, Brazil, Venezuela, Mauritania
Canada, Mexico, Bahamas
Canada, Mexico, Peru, Australia
Canada, Mexico, Japan, Spain

Adapted from: Mineral Information Institute. (1996) Minerals. Retrieved April 4, 2003, from \\,rn.mii.org
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Minerals Imported By the United States
Answer the following questions using complete sentences.
1. How many different minerals and metals do we import from Canada?

2. What changes in our lifestyle would we have to make ifwe did not import bauxite?

3. What country do we import the most products from?

4. What changes in our lifestyle would we have to make ifwe did not import tungsten?

5. Name one product we could live without and explain why.
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Mineral Crossword Puzzle
Answer Key
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Natural Resources
Fossil Fuels
Activity 1: As you discuss the following fill out the teacher bulletin board and
students fill in their personal data chart.
• What is a fossil fuel? (Product of decayed plants and animals that are
preserved in the earth's crust.
• How do fossil fuels work? (Fossil fuels contain hydrogen and carbon,
when hydrocarbons are burned they give off light and heat.)
• What is petroleum? (Liquid fossil fuel)
• What is natural gas? (Another type of fossil fuel that is usually found with
petroleum, but it is less dense so it is usually on top of the petroleum.)
• Methane is the most abundant natural gas.
• Coal is a solid fossil fuel.
Advantages:
• Provide a large amount of thermal energy per unit of mass.
• Easy to get and easy to transport.
• Can be used to generate electrical energy and make products, such as
plastic.
Disadvantages:
• Nonrenewable
• Burning produces smog
• Burning coal releases substances that can cause acid rain.
• Risk of oil spills
Activity 2: Bring in a sorbent pad and demonstrate how the pads separate water
and oil.
Activity 3: Show pictures of actual oil spills. Foss Environmental donates
pictures
Materials:
Projector
Laptop

Activity 4: Students are to write a minimum of 2 paragraphs on what the world
would be like of we did not have fossil fuels.
• Final draft form
• Double spaced
• Inink
• No spelling errors
• Correct grammar
• Rough draft stapled to the back of the final copy
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Rubric for Natural Resources Culminating Project
•

Using the chart introduced on day three of this unit compile a
natural resources book.
• The cover of the book will consist of the paper you made glued to
cardboard.
• See the teacher for instructions on binding.
The following criteria will apply:
Each natural resource will have two pages; the first page will consist of
the. following:.
_ _ (16) Your definition of the natural resource.
_ _ ( 12) An example of the natural resource.
_ _ (16) Is this resource renewable or non-renewable?
_ _ (16) Where can this resource be found (be specific)?
_ _ (16) A picture of the natural resource (no computer images).
_ _ (16) Why do we need this resource?
_ _ ( 16) What are the advantages of using this resource.
Page two will consist of the following:
_ _ (16) Explain one way this resource can be managed?
_ _ (16) What are the disadvantages of using this resource?
_ _ (16) What do you think should be done about issues regarding this
resource?

Also, the following criteria will also be graded.
_ _ (16) Spelling
_ _ (16) Grammar
_ _ (10) Neatness
_ _ (6) Binding

--~/204TOTAL

* Creative Ideas*
Pop-up pages
Pullout information cards
Interactive pages
Peek-A-Boo's

Wheels
Mini samples in sealed mini
bags
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Section IV
Fossils
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Organizational Structure
This unit is structured in a manner that the day of the section is listed on
top of each lesson. Upon completion of this section, students will have a
culminating project to complete in which they create a travel brochure and a
class timeline. Allow 20 days for the completion of the entire section. Brainbased learning will occur throughout the discovery of fossils and subsequent
activities that encourage students to en a e in authentic learning.

Discover of:Fossi ..

tfypes of FossilsJ

t
t

Jwho gets fossilized?J

0Cnformation derived from fossil~

JRelative Ag~

JAbsolute AgeJ

JRadioactive Datin~

R;eologic Time Seal~
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Washington State Essential Academic
Learning Requirements
Know the importance of fossils and
Benchmark 1.3 - Grade - 8
Understand how interactions within
other evidence in documenting life
and among systems cause changes in ~ and environmental changes over
matter and energy.
time.

Design, conduct, and evaluate
scientific investigations, using
appropriate equipment,
mathematics, and safety procedures.

Benchmark 2.1 - Grade - 8
Develop the knowledge and skills
necessary to do scientific inquiry.
\

~~

Use evidence from scientific
investigations to think critically and
logically to develop descriptions,
explanations, and predictions.
Benchmark 3.1 - Grade - 8
Apply design processes to create
solutions to human problems or
meet challenges using knowledge
and skills of science technology.

Identify, design, and test alternative
Ill ~so_1_u_ti_·o_n_s_t_o_a_c_h_a_1_1e_n_g_e_o_r_p_ro_b_l_e_m_.~

Compare and contrast multiple
solutions to a problem or challenge.

\

Benchmark 3.2 - Grade - 8
Know that science and technology
are human endeavors, interrelated to
each other, to society, and to
workplace.

Know that science and technology
have been developed, used, and
affected by many diverse
individuals, cultures, and societies
throughout human history.

Adapted from: Office of Superiutendent of Public Instruction Curriculum and Instruction Curriculum and
Instruction. ( January, 2003). Washington State Essential Academic Learning Requirements. Printed
1/20/3002
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Fossils
Imagine the scene: dense clumps of trees, lush forests, huge ferns gather to make
large carpets on the forest floor. There are many swamps with large amphibians lurking
around searching for their next meal. The air is alive with the buzzing of insects; there
are no birds in sight. A many-legged arthropod resembling a giant cockroach speeds
across a mud flat.
Can you imagine that this was Washington State? Fossil evidence found around
the .state suggests that plants and animals such. a~ these existed in Washington. Three
hundred millions years later the scene looks different. Now there are many roads,
buildings and people. We are going to learn how scientists use fossil records to
reconstruct earth's history and put such a scene together. Fossils can be found
throughout the United States, not just Washington. They provide information about
plants and animals that existed millions of years ago.
A Classroom Collection
We live in an area where fossils are abundant. However, sometimes we are
surrounded by fossils and do not know they exist. Fossils can be as small as leaves or as
large as a dinosaur. Look carefully at the rocks around your neighborhood. Also look at
rocks that have been dug up on construction sites and in stones used for large buildings sometimes fossils of insect and plants can be found.
What Are Fossils?
Fossils are the preserved remains or traces of living things. Fossils provide
scientists evidence of how life has changed over the years. Most fossils form when living
things die, and are buried by sediments. The sediment slowly hardens over time, creating
a rock. The rocks containing the fossils lie undisturbed for millions of years preserving
the shapes of the organisms. Finally, through weathering and erosion, the fossil-bearing
rocks are exposed on the surface of the earth. Now they are able to be studied by
scientists. Scientists who study fossils are called paleontologists.
Types Of Fossils
Fossils are usually found in sedimentary rock, this type of rock is formed with
layers of sediment that harden. Most fossils form from animal that once lived near quiet
water such as swamps, lakes, or shallow seas. Usually the hard parts of an organism get
fossilized. The soft parts usually decay or are eaten by scavengers.

Adapted from: Coble, C., Rice, D., Walla, K., & Murray, E. (1991). Earth Science. (2"d ed.). Englewood
Cliffs, New Jersey: Prentice Hall. McFadden, C., Yager,R (1993). Science Plus Technology and Society.
Austin: Harcourt Brace Jovanich. Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper
Saddle, New Jersey.
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Fossils found in rock include petrified fossils, molds, casts, carbon films, actual remains
and trace fossils. Other fossils form when the remains of organisms are preserved in
substance such as tar, amber, or ice.
Petrified fossils - are fossils in which minerals replace all or part of an organism.
Mold - is a hollow area in sediment in the shape of the organism or part of an
organism. A mold forms when the hard part of an organism, such as a
shell is buried in the sediment.
Cast - Over time a fossil is created by water carrying dissolved minerals that seep
into empty spaces of the mold. The result is a copy of the shape of the
orgamsrn.
Tmce fossil - are fossils that provide evidence of the activities of ancient
orgamsms.
Actual Remains - Tar, Amber, or Ice - preserve fossils with little or no change in
the original organism.
Imprint - The remains of the plant is imprinted in sediment and over millions of
years a rock is formed with the imprint of the plant or organism.
Footprint of track - An actual footprint or track is left by an animal.

Who Gets Fossilized?
Even though we are surrounded by life, the chance of a single organism being
preserved in the geologic record is very unlikely. Why?
There are many ways in which the remains of an organism can be destroyed.
1. If they are left lying on the surface of the earth they can be attacked by
scavengers.
2. If they are left lying on the surface of the earth, bacteria can destroy
them.
3. Bones or shells can be crushed by overlying sediment.
4. Bones or shells can also be eroded along the seashore or in a stream
bed.
There are also many ways in which and organism can be preserved.
1. If an organism has hard body parts.
2. If the organism is covered by a protective coating of mud or light
sediment shortly after the organism dies.

What Fossils Tell Us
Paleontologists use the fossils they collect to determine what past life forms were
like. Paleontologists work together and compare information that has been gathered to
create fossil records. The fossil record provides evidence about the history of life on
Earth.
Adapted from: Coble, C., Rice, D., Walla, K., & Murray, E. (1991). Earth Science. (2"d ed.). Englewood
Cliffs, New Jersey: Prentice Hall. McFadden, C., Yager,R (1993). Science Plus Technology and Society.
Austin: Harcourt Brace Jovanich. Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper
Saddle, New Jersey.
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The fossil record also shows that groups of organisms have changed over time. The
fossil record also shows that fossils occurred in a particular order, showing that life on
earth evolved, or changed over time. Also, some organisms no longer exist and will
never exist again are called extinct. Fossils also provide paleontologists evidence of the
earth's climate in the past, and what types of environments existed.

Relative Age
We have learned that geologists are interested in events that took place long
before humans were around to record them. You also learned that rocks in the earth's
crust contain evidence of these events. Scientists use a scale called the relative time
scale to distinguish events as a before and after scale for a sequence of events.
It does not provide information about the amount of time involved. It only gives you a
timeline based on the events that happened. And it does show whether one given event
happened before or after another. The relative age of rock is its age compared to the ages
of other rocks.

Absolute Age
The absolute age of a rock is the number of years since the rock has been formed.
The absolute age of a rock is difficult to determine. Geologists use the law of
superposition to determine the relative ages of sedimentary rock layers. According to the
law of superposition, in horizontal sedimentary rock layers the oldest is at the bottom.
Each layer that is higher and closer to the surface is younger than the one below it.

Other Clues To The Age Of Rocks
Geologists use other clues to determine the age of rocks. Igneous rocks have
intrusions and extrusions that can be studied by geologists. Igneous rocks form when
magma or lava hardens. Lava that hardens on the surface is called an extrusion. The rock
layers that formed below the extrusion are always older than the extrusion. Beneath the
surface of the earth, magma may push into bodies of rock. At this point, the magma
cools and hardens into an unconformity; or gap in the geologic record, called an
intrusion. An unconformity shows where some rock layers have been lost due to
erosion or weathering. An intrusion is always younger than the rock layers around and
beneath it.
When dating the age of rocks, scientist first give relative age to a layer of rock at
one location, and then give the same age to matching layers of rock at other locations.
Also, certain fossils called index fossils help geologists put the puzzle pieces of matching
rock together. An index fossil is a fossil that must be widely distributed and represent a
type of organism that existed for a brief amount of time. An index fossil is useful
because it tells the relative age of the rock layers in which they are found. Geologists use
particular types of organisms, such s trilobites, s index fossils.
Adapted from: Coble, C., Rice, D., Walla, K., & Murray, E. (1991). Earth Science. (2n" ed.). Englewood
Cliffs, New Jersey: Prentice Hall. McFadden, C., Yager,R (1993). Science Plus Technology and Society.
Austin: Harcourt Brace Jovanich. Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper
Saddle, New Jersey.
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Trilobites were a group of hard-shelled animals that evolved in shallow seas more than
500 million years ago. Later, they became extinct. Trilobite fossils can be found in
many places.
Radioactive Dating
Everything around you is made of matter. Even though everything is made of
matter, it may look, smell, feel and taste different all matter is made of tiny particles
called atoms. When all of the atoms of a particular matter are the same, that matter is
called an element. Most elements do not change under normal circumstances therefore
they are stable. But some elements exist in forms that are unstable and over time, these
elements break down, or decay. They decay by releasing particles and energy in a
process called radioactive decay. These unstable elements are said to be radioactive.
During radioactive decay, the atoms of one element break down to form atoms of another
element
Radioactive elements occur naturally in igneous rocks. From the moment an
igneous rock is formed and hardens, the radioactive element begins to decay, and the new
element is being formed. Therefore, the composition of the rock changes slowly and
consistently over time. As the amount of the radioactive element goes down, the amount
of the new element goes up. The rate of decay of each radioactive element is constant-it
never changes. This rate of decay is the element's half-life. The half-life of a radioactive
element is the time it takes for half of the radioactive atoms to decay. To determine the
absolute age of rocks, geologists use absolute dating. In radioactive dating, scientists first
determine the amount of the radioactive element in a rock. Then they compare that
amount with the amount of the stable element into which the radioactive element decays.
Each radioactive element has a different half-life. Scientists often date rocks using
potassium-40. This element decays to form the stable element argon-40 and has a halflife of 1.3 billion years. The long half-life of potassium-40 makes it useful in dating the
most ancient rocks. Radioactive dating is used mainly for dating igneous rocks, and can
be used to determine absolute dates of extrusions and intrusions. Using those dates,
scientists can date nearby sedimentary rock layers.
Carbon 14
All plants, animals, and humans contain some carbon-14, which is a radioactive
form of carbon. Carbon-14 is useful in dating materials from plants and animals that lived
as far back as 50,000 years ago. Because carbon-14 has a half-life of only 5,730 years, it
can't be used to date more ancient fossils or rocks that are over 50,000 years.

Adapted from: Coble. C., Rice, D., Walla, K., & Murray, E. (1991). Earth Science. (2"d ed.). Englewood
Cliffs, New Jersey: Prentice Hall. McFadden, C., Yager,R. (1993). Science Plus Technology and Society.
Austin: Harcourt Brace Jovanich. Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper
Saddle, New Jersey.
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Radioactive Dating and Sedimenta1'Y Rocks
Sedimentary rocks are made up of particles from other rocks of all different ages.
Radioactive dating cannot be used effectively in dating sedimentary rocks. Radioactive
dating would provide the ages of particles, not the sedimentary rock as a whole.

The Geologic Time Scale
Sedimentary rocks tell a story. Geologists and Paleontologists have interpreted
this story to develop the geologic time scale. On this scale, rocks are placed in order from
oldest to youngest. They tell the story of the life forms and geologic events in Earth's
history.

Dividing the Geologic Time Scale
As geologists studied fossil records, they discovered major changes in life forms
at different times. Geologists used these changes to mark where one unit of time began
and another ended. Therefore, the geologic time scale depends on events that happened in
the earth's history. The basic units of the geologic time scale re era's periods and epochs.

Precambrian - covers about 88% of the Earth's history, it ended 544 million years ago.
Era - the earth's history is subdivided based on the formation of certain rocks. The four
eras are called the Precambrian, Paleozoic, Mesozoic, and Cenozoic.
Period - era's are subdivided into 12 smaller pieces of time.
Epoch - periods of the Cenozoic Era are further divided into smaller timelines called
epochs.

Adapted from: Coble, C., Rice, D., Walla, K., & Murray, E. (1991). Earth Science. (2nd ed.). Englewood
Cliffs, New Jersey: Prentice Hall. McFadden, C., Yager,R. (1993). Science Plus Technology and Society.
Austin: Harcourt Brace Jovanich. Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper
Saddle, New Jersey.
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Geologic periods range in length from tens of millions of years to less than two million
years.
GJ"T"
ca e
eo 021c 1me SI
Epoch
Period
Quaternary
Holocene
Pleistocene
Tertiarv
Pliocene
Miocene
Oligocene
Eocene
Paleocene
Mesozoic
Cretaceous
Jurassic
Triassic
Paleozoic
Permian
Pennsylvanian
Mississippian
Devonian
Silurian
Ordovician
Cambrian
Precambrian

Era
Cenozoic

Paleozoic Era
During the Paleozoic Era many changes took place on earth. There have been
many fossils of different kinds of plants and animals found. The most common life form
found were Invertebrates. Invertebrates are animals without backbones. Many marine
invertebrates lived at this time, such as brachiopods and trilobites. Also, fossils with
backbones or vertebrates have also been found in the Paleozoic Era. Scientists have
found many fossils of fish during the Devonian Period, also known as the age of fish.
There have also been found many fossils of amphibians. Amphibians are animals that
live part of their lives in water and part of their lives on land. There have also been many
fossils of reptiles found.
Plants were also abundant during the Paleozoic Era. There is evidence oflarge
ferns and other land plants that grew well in swampy areas.
Scientists believe the remains of these plants now form huge coal deposits in the United
States and other parts of the world.
Pangaea was also formed in the Paleozoic Era. During this time period many
mountain ranges were formed such as; Urals in Asia, and the Appalachians in North
America.
Adapted from: Coble, C., Rice, D., Walla, K, & Murray, E. (1991). Earth Science. (2nd ed.). Englewood
Cliffs, New Jersey: Prentice Hall. McFadden, C., Yager,R. (1993). Science Plus Technology and Society.
Austin: Harcourt Brace Jovanich. Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper
Saddle, New Jersey.
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Mesozoic Era

The Mesozoic era is divided into three periods. The oldest period is the Triassic
Period. The middle period is called the Jurassic Period, and the youngest period is called
the Cretaceous Period.
Scientists believe that Pangaea began to break up during the Mesozoic Era. As
Pangaea broke apart there were many earthquakes and volcanonic eruptions. The Sierra
Nevada and Rocky Mountains were formed during the late stages of this era.
During the Mesozoic Era, shallow seas covered much of North America. By the
end of the Cretaceous Period more of the continent was cove1 ed by oceans than at any
other time.
During the Triassic and Jurassic periods, giant tree ferns and mosses covered the
forest floor. Many conifers such as pine, cedar, spruce and cypress trees were common.
Reptiles were the dominant life form during the Mesozoic Era. Many large
dinosaurs roamed the earth. Dinosaur means terrible lizard. By the end of the Mesozoic
Era, dinosaurs were extinct. There are many theories as to why dinosaurs disappeared.
Cenozoic Era

We live in the Cenozoic Era. It is divided into two periods; the Tertiary Period
and the Quaternary Period. Scientists often call the Cenozoic Era the age of mammals,
because mammals are the dominant life form. Large mammals such as horses, bison, and
deer live in this period. Also, many fossils of apes and mammoths have been found that
lived earlier in this period.
During the Cenozoic Era the highest plateaus and mountains were uplifted. There
has been a general drying and cooling of the earth. As a result, there is more of a variety
of climate now than any time in the past.
There were at least four ice ages during this period. Antarctica and Greenland are
still covered by the remnants of the last ice age. Ice ages are brought on by general
cooling of the earth's air. Interglacials are the time periods between ice ages. During
interglacials, glaciers melt and ocean levels rise.
The earliest human like fossils scientists have found date from the late Pliocene
Epoch. Human like fossils have been found on several continents.

Adapted from: Coble, C., Rice, D., Walla, K., & Murray, E. (1991). Earth Science. (2"d ed.). Englewood
Cliffs, New Jersey: Prentice Hall. McFadden, C., Yager,R (1993). Science Plus Technology and Society.
Austin: Harcourt Brace Jovanich. Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper
Saddle, New Jersey.
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Fossils
Dayl
Activity 1:Reading
Materials:
• Reading packet
Procedure:
1. As a class read the first two paragraphs of the Fossil unit.

2. Discuss the different types of animals the students' thought existed, and
what the land was like in Washington.
3. Discuss that several years ago a farmer found the remains of a wooly
mammoth in Sequim, with a spear in his ribs. The spear was not the cause
of death for the mammoth.
4. What conclusions can scientist reach with the evidence of the mammoth
and spear?
•
•
•
•
•
•

Humans
Hunting
Using animals for food
Probably nomadic people
Temperature
Land bridge theory

Activity 2: Oassroom Collection

Materials:
• Classroom Collection Teacher Resource
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Classroom Collection
(Teacher Resource)

1. Take a nature hike and look at rocks on the school grounds. Have

students try to find and identify fossils.

2. Have students look around in their back yards and in their
neighborhoods for fossils. Bring the fossils back to class and display
them.

PSO

Fossils
Day2
Activity 1: Finish the Classroom Collection
Procedure:
I.Display the fossils students brought in.
2. Discuss where the students found the fossils and what they think is
fossilized.
Activity 2: Fossils?

Materials:
• Overhead
Procedure:
1. Ask students what they think the different types of fossils are?
2. Write down their answers on the overhead.
3. Group the different types of fossils and then label them.
Activity 3: Reading

Materials:
• Reading packet
Procedure:
1. Read What Are Fossils? And Types of Fossils
2. Discuss this information compared to the lists students compiled.

PSI

Fossils
Day3-4
Activity 1: Fossil Identification Lab

Materials:
• Identification lab sheet for each student.
• Fossil kit
• Note cards with the nuntbers of 1-10 on each card.
Procedure:
1. Distribute the lab sheet to each student.
2. Explain the instructions on the lab sheet.
3. Rotate students through each station every 4 to 5 minutes.
4. Allow Ph days for students to complete their labs.
5. At the end of the second day, discuss what students thought each
organism was and the type of fossil that was created.
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(

Fossil Identification Lab
1. Your task is to visit ten stations and make observations regarding the

mystery fossil.
2. For each sample you will accomplish the following:
(1 point each)
• Identify the station number in which you are working.
• . Make an educated guess asto whilt type of fossil you are
observing.
• Make an educated guess as to what type of organism made the
fossil
• Draw a colored picture of the fossil in the space provided. Be as
accurate as you can, and use the entire space. You may want to
include a scale of your drawing.
Station#:._ _ _ _ _ _ _ _ _ _ __
Type of Fossil:._ _ _ _ _ _ _ _ __
Type of Organism:._ _ _ _ _ _ _ __

Station#:_ _ _ _ _ _ _ _ _ _ __
Type of Fossil:._ _ _ _ _ _ _ _ __
Type of Organism:._ _ _ _ _ _ _ __

Station#: _ _ _ _ _ _ _ _ _ _ __
Type of Fossil:._ _ _ _ _ _ _ _ __
Type of Organism:_ _ _ _ _ _ _ __
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Station#:._ _ _ _ _ _ _ _ _ _ __

Type of Fossil:. _ _ _ _ _ _ _ _ __
Type of Organism:_ _ _ _ _ _ _ __

Station#:_ _ _ _ _ _ _ _ _ _ __

Type of Fossil:_ _ _ _ _ _ _ _ __
Type of Organism:_ _ _ _ _ _ _ __

Station#:._ _ _ _ _ _ _ _ _ _ __

Type of Fossil: _ _ _ _ _ _ _ _ __
Type of Organism:._ _ _ _ _ _ _ __

Station#:_ _ _ _ _ _ _ _ _ _ __

Type of Fossil:._ _ _ _ _ _ _ _ __
Type of Organism:._ _ _ _ _ _ _ __

Station#:_ _ _ _ _ _ _ _ _ _ __

Type of Fossil:._ _ _ _ _ _ _ _ __
Type of Organism:_ _ _ _ _ _ _ __
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Station#:_ _ _ _ _ _ _ _ _ __
Type of Fossil:._ _ _ _ _ _ _ __
Type of Organism:._ _ _ _ _ _ __

Station#:._ _ _ _ _ _ _ _ _ __
Type of Fossil:._ _ _ _ _ _ _ __
Type of Organism:._ _ _ _ _ _ __

PSS

Fossils
Day 5-6
Activity 1: Reading
Materials:
• Reading packet
Procedure:
1. Read as a class Who Get Fossilized? And What Fossils Tell Us
2. Discuss the different types of organisms that get fossilized and why.
3. Discuss the different information that fossils tell us, refer back to the
woolly mammoth.
Activity 2: Review worksheet

Materials:
• Fossil Review worksheet
Procedure:
1. Use the remainder of the class period to let students work on the fossil
review paper.
2. Give them a few minutes to finish the paper on day 2 of this activity.
Activity 3: Correct worksheet
Materials:
• Red pen/ pencil for each student
Procedure:
1. Correct the Fossil Review worksheet and discuss the answers.
2. Students should fill in the correct answers with red if they get them
wrong.
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Fossil Review
Use pages 1-2 of your hand out to answer the questions
1. What is a fossil?

2. Who is a Paleontologist?

3. Name the seven types of fossils and an example of each.

Type of Fossil

Example of the Fossil

4. What decreases or increases you're the chances if who gets fossilized?
Decreases vour chances:
1.

Increases vour chances:
1.

2.

2.

3.

5. List five things that fossils tell us.
1.
2.

3.
4.

5.
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6. Place a check in the box next to the appropriate answer.
Poor chance for
Good chance for
Fair chance for
Organism:
fossilization:
fossilization:
fossilization:
An animal that fell
in a tar pit
Jellyfish
Dinosaur track in
the mud
A tree growing in
aswamp
A seashell washed
up on the beach
A mosquito stuck
in sap on a tree
7. In which rock group would you expect to find the greatest number of
fossils?
Circle the correct answer.
Sedimentary

Igneous

Metamorphic

8. In which rock group/ s would you expect to find the least number of
fossils?
Sedimentary

Igneous

Metamorphic

9. If you were transported millions of years into the future, what type of
fossils might you find in the rocks existing in your area? Which objects
might survive and which ones might not? What could a scientist of the
future learn about our civilization today?
What objects might survive millions of
years?

What objects might not survive
millions of vears?
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Fossils
Day7
Activity 1: footprint war

Materials:
• Overhead of the footprint war.
• Writing utensil for each student
• Piece of paper for each student
• Overhead
Procedure:
1. Show the students the first two sets of footprints on the overhead. Keep
the rest covered up.
2. Students should write what they think is happening with the two sets of
footprints.
3. Students should write a minimum of 4-5 sentences.
4. Uncover the second part of the overhead and students repeat the same
procedure, adding on to their story.
5. Show the students the last part of the overhead, and students should
repeat the same procedure adding on to their story.
6. When students have completed their stories, have students share them in
class.
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Footprint War
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Fossils
Day8
Activity 1: Fossil-Making Lab

Materials
• Teacher resource for fossil making lab
Procedure:
1. Follow the teacher instructions for the lab.
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Fossil Making Lab
(Teacher Resource)
Materials:
Popsicle stick for each student
1 bag of plaster of paris
l papercup per student
1 school milk carton for every two students
1 40 ml beaker
Safety goggles
Vaseline
Procedures
1. Several days before the lab have students bring their milk cartons from lunch.
Rinse them out and put their names on the bottom.
2. Several days before the lab ask students to bring in an object that represents
who they are. The object must be small enough to fit in the cut milk carton.
3. At the beginning of the period have each student will cut their milk carton in
half lengthwise.
4. Have students put their goggles on.
5. Give each student a cup with about half of it full of plaster of paris.
6. Students should lightly coat their object with Vaseline.
7. Have students add 40ml of water to the plaster and stir with their Popsicle
stick. The consistency of the plaster should be like frozen yogurt. (Add water
of plaster to achieve consistency)
8. Once the proper consistency is reached, pour the plaster into the milk carton
and lightly press their object into the fossil.
9. Wait about 5-10 minutes until the plaster is almost hard, then remove the
object from the plaster.
10. Leave the plaster overnight in the milk cartons to completely harden.

P62

Day2
1. Remove the fossils from the milk carton.
2. Discuss the following questions:
• In observing your fossil what do you see?
• Do the fossils and the actual article look alike?
• Would scientists have trouble distinguishing the difference between
fossils?
• Do you think being a Paleontologist is easy?
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Fossils
Day9
Activity 1: Review fossil websites
Materials:
• Computer
• Projector
Procedure:
1. Review the following websites and explain how fossils are found, excavated, and
displayed in museums.
http://www. rom. on. ca/ quiz/fossil!
http://w,vw.rom.on.ca/quizlfossil/
http://www. angelfire. com/tx5/towntalk/dino. html
http://www.cyberspacemuseum.com/dmnh.html
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Fossils
DaylO
Activity 1: Reading
Materials:
• Reading Packet
Procedure:
1. Read the paragraph entitled relative age.
2. Discuss different scenarios with the students and them in order.
Activity 2: Relative Age Worksheet

/

Materials:
• Relative Age worksheet
• Colored pencils/markers/crayons
• 1 - 12" strip of adding machine paper for each student.
Procedure:
1. Have students put the events in order according to relative age.
2. Correct the relative age as a class.
3. Pass out the adding machine tape.
4. Explain the assignment on the bottom of the relative age worksheet.
5. This is due tomorrow when they walk in the room.
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Relative Age
Using Relative Age, put the following events in order form the oldest to the newest.
_ _ Today
President Bush Junior became President
_ _ Warwithlraq
The Twin Towers were bombed
_ _ Harry Potter's first movie was made.
_ _ Hip Hop reigns
_ _ Tampa Bay Buccaneers won the super bowl.
_ _ Gary Payton left the Sonics

Your task is to create a relative timeline on the piece of paper provided for you by the
teacher. Your timeline must include:
•
•

A minimum of IO colored pictures
Twenty significant events that happened in your life. An example would be, lost
your first tooth, and received my first bike. They must be significant events.

Remember, Relative Age does not have dates.

Adapted from: Earth Science. (I99I)Annotated Teacher's Guide. (2°d ed.) Englewood Cliffs, New Jersey:
Prentice Hall.
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Fossils
Dayll
Activity 1: Absolute Age
Materials:
• Relative Timeline they made from the previous day.
Procedure;
I. Have students put the dates of their event on their relative timelines.
2. This will lead into absolute age.

Activity 2: Absolute Age
Materials:
• Reading packet
Procedure:
I. Read Absolute Age with the students and discuss.
2. As a group come up with different absolute age timeline scenarios.

Activity 3: Word Search
Materials:
• Fossil word search
Procedure:
I. Distribute copies of the word search.
2. Complete as homework
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Fossils
Day12

(
Activity 1: Reading

Materials:
• Reading packet
Procedure: ·
1. As a group read Other Clues To The Age Of Rocks.
2. Discuss extrusions, intrusions and index fossils.
3. Read Radioactive Dating
4. Discuss the procedure of radioactive dating
Activity 2: Follow-up activity

Materials:
• Radioactive Dating Worksheet
Procedures:
1. Pass out the radioactive dating worksheet
2. Give students 15 minutes to work on the paper.
3. Correct as a class.
4. Make sure everyone understands the concept of half-life and radioactive
dating.
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Radioactive Decay
100%
80% 60%

--Argon--40
Potasium--40

40%
20% 0%
1

2

3

4

5

Answer the following questions using complete sentences.
1. When the rock first forms, what is the percentage of potassium-40
compared with the percentage of argon-40?

2. What is the half-life of potassium-40?

3. What are the percentages of the two elements at 1.3 billion years?

4. After the first half-life of potassium-40, does the rock contain more
potassium-40 or argon-40?

5. What are the percentages of the two elements after three half-lives of
potassium-40?

6. Does a geologist have to wait 1.3 billion years before seeing a difference in
the amounts of these two elements?
Adapted from: Prentice Hall Resource. (2000). Teaching Resource: Earth's Changing Surface. C-D Rom.
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Activity 1: Radioactive decay lab

Materials:
• Radioactive Decay Lab sheet

Procedures:
1. Follow the procedures of the Half Life Lab sheet
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Radioactive Decay Lab
Activity 1: Radioactive Decay and Half Life Lab

Materials:
• Shoebox or coffee can
• Pennies or pieces of paper marked heads and tails
• Graph paper
• Oock
Procedures:
1. Place the 50 atoms (pennies) into the shoebox.
2. Place the lid on the box and shake for 10 seconds.
3. Take off the lid.
4. Remove and count the atoms that are heads up. These atoms have
decayed. Count the number of undecayed atoms that are left in the box.
Enter you data on table 1.
5. Repeat these steps until all the atoms have decayed.
6. Graph the number of undecayed atoms versus time.
7. Repeat this experiment again using table 2.
8. During the second trial choose a different amount of time to shake your
box. This represents your half-life.
9. Graph your results.
Answer the following questions on a separate sheet of paper using complete
sentences.
1.
2.
3.
4.

Define half-life.
In the experiment, what was the half-life element?
At the end of the 2 half-lives what fraction of the atoms had not decayed?
Compare your two graphs. How are they different? How are they
similar?
5. Compare your second graph with other students' graphs. How do they
compare? Is there a trend?
6. Does the amount of time you shake the box affect the outcome?

Adapted from: Middle School Science.com (November, 2002). Geology. Retrieved January 10, 2003, from
www.middleschoolscience.com
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Table 1
Total Time (sec)

Half Life

# Decayed Atoms

# Undecayed
Atoms

0
1
2
3

___ _______ ··-~·-···· ~-·
,

4

,

,,. """·-~-·-

5
6
7
8
9

10

Table 2
Half Life

Total Time (sec)

#Undecayed
Atoms

# Decayed Atoms

0
1
2
3

4

5
6

7
8
9

10
Table 1: Graph of 50 atoms and 10 seconds
Table 2: Graph of 50 atoms and ___ seconds.

Adapted from: Middle School Science.com (November, 2002). Geology. Retrieved January 10, 2003, from
www.middleschoolscience.co
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I

r

Activity 1: Reading

Materials:
• Reading packet
Procedure:
1. Finish reading the packet.
2. Explain the difference between era's, periods and epoch's.
Activity 2: Visit websites
Materials:
• Laptop and projector
Procedures:
1. Visit the following websites so students can have visual ideas of the
geologic timeline
http://www.ucmp.berkeley.edu/help/timeform.html
http://www.virtualmuseum.ca/Exhlbitions/Dinos/English/index.html
http ://www.coloradomtn.edu/campus rfl/staff 1t1/kohls/eocene.html
http ://pubs. usgs. gov/ gip/fossils/ seal e. html
http://geowww. geo. tcu. edu/PC fossils. html
http://www.geobop.com/paleozoo/Time/Cenozoic/Pleistocene/
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Culminating Project
Project Overview: Student will work individually to create a "travel brochure"
that describes the environment and living things during one period or epoch of
Earth's history. In addition, students will collaborate on a class geologic time

Hne..
Materials:
• Construction paper of different colors
• Glue
• Scissors
• Resource materials on the different time periods and epochs
• Butcher paper
• Student Guide Sheet
Procedures:
1. Introduce the concept of a travel brochure. It is helpful to show examples
of travel brochures.
2. Type the names of the periods and epochs. Place them in a hat and have
students draw for their time period.
3. Have information on each time period and epoch so students can research
their time period. The library has many resources available too.
4. Distribute the student sheets and have students research the questions
and complete them for the first step of the project
5. Distribute the rubric and explain what is expected.
6. In addition to the brochure students are to collaborate and create a picture
for a class bulletin board. Each student or groups of students will create a
picture for the bulletin board.
7. Have student volunteers help make 6 timelines on the bulletin board for
student work to be displayed.
8. Set a deadline for the project and timeline. Two to three days of class time
will be needed to complete this project successfully.
9. When the brochures are complete, students will present the brochures.
Give extra credit if they dress up for the occasion (ex. Travel guide with
safari apparel).
10. After the class timelines are complete, have students vote on their favorite
picture.
Adapted from: Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper Saddle, New Jersey
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Use this worksheet to help you plan your travel brochure for a geologic time
period or epoch.
1. What is your geologic time period?
2. What were the major geologic events of the time period?

3. What did the earth's surface look like then?

4. What was the climate (weather) like?

5. What was the dominant animals/ organisms living at that time?

6. What was the environment like compared to now?

7. What was the dominant plant life at that time?

8. Describe two activities travelers might like to see?

9. As the travel agent, what supplies will you provide for your travelers?

10. What should travelers pack for comfort and safety?

11. What dangers might travelers face?

12. How will you encourage people to visit your geologic time period?

13. Where will your travelers stay?

14. What types of clothes should your travelers bring?
Adapted from: Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper Saddle, New
Jersey
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Rubric
Your grade will be determined on the following criteria:
- - (10)

Neatness

_ _ (10) Spelling
_ _ (10) Grammar
_ _ (10) Color

- - (10) Creativity

your brochure will include the following:

_ _ (5) Geologic events
_ _ (5) Historical accuracy
_ _ (5) Description of the earth's surface
_ _ (5) Description of the climate
_ _ (5) Explanation of the dominant organisms
_ _ ( 5) Description of the environment
_ _ (5) Description of the dominant plant life
_ _ (5) Description of two activities for travelers
_ _ (5) Dangers travelers will encounter

- - ( 5) Activities for travelers
- - - -/100

Total
your timeline picture will be graded on the following:

- - (10) Neatness
_ _ (10) Historical Accuracy
_ _ (10) Color
- - - ~/30

Total

Adapted from: Prentice Hall (2000) Science Explorer Resource Pro. C-D Rom. Upper Saddle, New Jersey
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Section V
Plants
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Organizational Structure
This unit is designed to last at least 20 days. Growing plants is a handson, brain-based project.

\PlantSeedsl

•

\Chart Growtij

t
Create Plant Boo
\Replant plants to campus\

(
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Washington State Essential Academic Learning
Requirements
Categorize plants and animals into
groups according to how they
accomplish life processes and by
similarities and differences in external
and internal-structures, -

Benchmark 1.1 - Grade - 8
Use properties to identify, describe, and
categorize substances, materials, and
objects and use characteristics to
categorize living things.

~

Benchmark 2.1 - Grade - 8
Develop the knowledge and skills
necessary to do scientific inquiry.

c+ through scientific inquiry.

Generate questions that can be answered

\

Design, conduct, and evaluate scientific
investigations using appropriate
equipment, mathematics, and safety
procedures.
Use evidence from scientific
investigations to think critically and
logically to develop descriptions,
explanations, and predictions.

Benchmark 3 .1 - Grade - 8
Apply design processes to create
solutions to human problems or meet
challenges using the knowledge and skill
of science and technology.

~

Compare and contrast multiple solutions
to a problem or challenge.

Adapted from: Office of Superintendent of Public lnstmction Curriculum and lnstmction Curriculum
and lnstn1ction. ( January. 2003 ). Tra..,·hingto11 .~'fate Essential Academic Learning Requirements.
Printed 1/20/3002
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Plant Culminating Project
Activity: Students will grow seeds that will be planted outside on the school
grounds, while keeping a record of the growth of the plant and creating a plant
book.
Mat~rials:
Egg cartons/ or yogurt containers
Soil
Ruler
Graph paper
Plant seeds
Watering can
Water
Procedures:
1. Students will work in groups of two.
2. Each group will select seeds they want to grow.
3.Place soil in the containers and plant the seeds according to the
directions on the packet.
4. Water the plants.
5. Water the seeds daily and monitor their growth.
6. Students will keep a log and chart of the growth of the seeds.
7. As the seeds grow, the students will make a flower book according to
the following rubric.
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CHAPTER FIVE
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
Summary
The purpose ofthis project was to design a brain-based pedagogy that increased
student achievement at Cascade Middle School in the Highline School District #401, in
Seattle, Washington. Cascade Middle School did meet adequate yearly progress with the
No Child Left Behind Act of 2001, therefore it has been identified as a Title I school and
the A+ Commission established an improvement plan to improve student scores.
Through the process of extensive review of literature related to the subject of a
brain-based pedagogy a sample curriculum was developed. The curriculum encompassed
both a brain-based pedagogy and aligned with the Washington State Essential Academic
Learning Requirements. The rationale of selected units is further provided through the
organizational structure of each unit. The curricula developed as a result of this project
encompassed a brain-based pedagogy, which created a classroom environment and
activities that were conducive to increasing student achievement.
Conclusions
As a result ofthis study the following conclusions have been made:
1. Many school districts do not have fully developed curricula that are
aligned with Washington State Essential Academic Learning
Requirements.
2. Understanding how the human brain works will increase student
achievement.
3. The learning environment needs to fully immerse the student.
20

21

4. An atmosphere where fear is eliminated maintains an active learning
environment.
5. Collaborative effort by all educators in teaching specific subject area is
key to successful utilization of developed curricula.
6. While working on developing curricula, focus on ideas and strategies,
rather than topics is essential in assuring that the content is adequate
for all learners.
7. Active administrative support is essential for curriculum alignment to
be successful.
Recommendations
The following are recommendations based on the result of this project:
1. Adequate time should be granted to individual teachers for planning
lessons aligned with the state and national content standards. Initially,
team planning may be utilized for increased flow of ideas and
brainstorming.
2. Each teacher should have an individual copy of aligned curricula
topics in their subject area. Accessing curricular materials should not
be a difficult task, as it will lead to decreased utilization and eventual
abandonment of district and state learning requirements.
3. An essential part of successful curriculum alignment consists of
continuous reflecting, refining and collaboration of the end result
throughout the day and school year.

22
4. Funding source needs to be associated with efforts to increase student
achievement and curriculum alignment. The funds may be used for
team planning, staff development, and teacher release time for
professional development.
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